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Abstract 


Australia measures Gross Domestic Product (GDP), both quarterly and anmually, by 
compiling income, expenditure and production accounts. A consequence of this 
multiple approach is that different measures are obtained from the three methods 
and Statistical discrepancies are required to reconcile the accounts. The Australian 
Bureau of Statistics has conducted preliminary investigations into techniques for 
producing balanced and consistent national accounts. This paper describes the 
resuits of an investigation into least squares techniques which combine information 
on the accounting structure with measures of the relative accuracy of the component 
estimates to balance the accounts. 


Most published applications of these techniques to national accounts data have 
concentrated on estimates valued at current prices. In this study, the approach has 
been expanded to investigate the implications for constant price measures. 


the accounting structure employed in this study includes the production account, the 
income and outlay and capital transactions accounts for all major institutional 
sectors, and the overseas transactions account. In addition, the major constant price 
expenditure and production estimates have been incorporated into the framework. 
following specification of the national accounting constraints, measures of the 
relative accuracy or precision of the components were obtained from the National 
Accounts Branch of the ABS. For the purposes of this initial study, all components 
have been assumed to be uncorrelated. 


The balancing technique has been applied to annual national accounts data for the 
ten financial years 1983-84 through 1992-93. The outputs from the study include a 
unique estimate of GDP measured in current prices, and a corresponding single 
estimate of constant price GDP. However, these results shouid be treated as strictly 
experimental, and should not be quoted out of context or without reference to the 
methodology employed in their construction. 
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1. Introduction 


In the Australian National Accounts (ANA), three approaches are used to measure Gross 
Domestic Product (GDP). The income, expenditure and production approaches are used to 
measure GDP at current prices, while the expenditure and production approaches are used to 
construct estimates of GDP at constant prices. A third measure of constant price GDP is derived 
by deflating income-based GDP by the expenditure-based implicit price deflator. 


While this multiple approach is technically superior to methods based on fewer data sources, 
inconsistencies between the various measures can result in confusion and create difficulties for 
economic analysis. They also represent a problem for econometric modelling, as an extra 
meaningless variable - the statistical discrepancy - must be added to ensure that key model 
identities are met. In practice, the different measures of GDP differ by as much as 3 per cent. 


The three measurement approaches are not totally independent. For example, the annual income- 
and production-based current price estimates - GDP(I) and GDP(P), respectively - are 
constrained, by construction, to be equal. Thus, using the expenditure-based measure of GDP as 


a reference, it may be observed that 
GDP(P) _ GDP) _ gdpii) 7 gdp(P) 
GDP(E} GDP({E) gdp(E)  gdp(E) 


where lower-case denotes constant price estimates. These relationships are illustrated in Graph 1. 


Graph 1: Relationships between various measures of Gross Domestic Product 
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The discrepancies between the various GDP estimates arise primarily because of the different data 
sources employed in their compilation. Furthermore, most of the available information is initially 
collected and recorded for purposes other than national accounting - for example, data from the 
Labour Force Survey. As a consequence, the information used to construct the national accounts 
is often incomplete (because not all transactions are measured) and inconsistent (because the 
various data collections do not always employ consistent or appropriate definitions, classifications 
and conventions) as well as being subject to sampling and other measurement error and revision. 


A-number of possible corrective measures may be adopted to address the discrepancy issue: 


° improve upon the completeness, consistency, accuracy and reliability of data sources: 


* give prominence to a single measure (of GDP) and derive one item in each of the other 
accounts as a residual - so that it incorporates the statistical discrepancy; 


bd derive a single measure of GDP by averaging the separate individual measures - for 
example, the GDP(A) measure published by the ABS and described in Aspden (1990); 


° balance the accounts by using mathematical/statistical techniques; or 


° eliminate discrepancies at the time of the compilation by employing a comprehensive 
input-output framework. 


The first approach, of course, is reflected in the ongoing research and development agenda of the 
ABS, and incremental improvements are constantly being introduced. The second and third 
approaches solve the problem of having multiple measures of GDP but not the problem posed by 
the existence of a statistical discrepancy. They also ignore the information contained in the 
accounting structure and existing information on the relative accuracy of components. The fourth 
and fifth approaches solve both problems. The use of an input-output framework represents a 
fundamental change in the compilation method, and from an accounting perspective is clearly the 
method to be preferred. The ABS is currently investigating this method for future 
implementation. Unfortunately the implementation of the input-output based approach is 
dependent upon the availability of data which is not available within the present compilation 
system. The fourth approach is the one described in this paper, and has the advantage of being 
applicable to national accounts data compiled within the current framework. 


Until recently, the UK Central Statistical Office (CSO) compiled the UK national accounts using a 
multiple approach similar to that used in Australia. During the late 1980's, the UK accounts were 
the subject of considerable attention due to volatile movements in the statistical discrepancy at the 
time. This attention led the CSO to resurrect a technique first developed by Sir Richard Stone in 
the 1940s (Stone, Champernowne and Meade (1942)) to produce balanced national accounts. As 
the method invoives the manipulation of very large matrices, its potential benefits remained largely 
“unexplored until the rapid advances in computing technology which occurred in the late 1970's, 


In this paper, a simplified version of the Stone least squares methodology is applied to the 
Australian national accounts. While other authors (for example, Crossman (1992)) have already 
applied the technique to Australian data, none has attempted the level of disaggregation used 
here. It is hoped that the information contained in this paper, including the accuracy gradings 
determined in consultation with the National Accounts Branch, may prove heipful to other 
researchers in this field. The balanced estimates from this study should be viewed as purely 
instigative, since only the most primitive version of the Stone methodology has been implemented. 
Nevertheless they provide a useful benchmark, and raise a number of interesting issues. 


In Section 2, the Stone least squares methodology is introduced, and several properties of the 
technique are examined. The scope of the current study is established in Section 3, where the 
accounting framework and data are described. The extension of the method to incorporate 
constant price data is discussed in Section 4, and the construction of the matrix of relative 
accuracy gradings is discussed in Section 5. Detailed results from the study are presented in 
Section 6. Section 7 summarises the paper and presents several directions for extending the 
analysis. 


2. The least squares method 


2.1 Schematic representation 


Graph 2: Schematic representation of the least squares balancing method 
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Graph 2 above shows a graphical representation of the "least squares” balancing method in the 
particular case of a two variable accounting structure ( GDP(E) = GDP(I) ), with the Euclidean 
distance chosen as the distance measure, The "true" balanced accounts lie somewhere on the 45 
degree line. The initial estimates of the accounts will generally be represented by a point which 
does not lie on the line, say M. With the Euclidean distance (which is equivalent to assigning 
equal accuracy to the two entries) the least squares method gives the orthogonal projection of M 
on the 45 degree line, M*, as the estimate of the balanced accounts. In this instance, M* is also 
the simple average of the observed GDP(E) and GDP(I). M* is generally not the true value of 
the accounts, but it is easily seen that M* is closer to any value of the true accounts than the initial 
estimate M. 


2.2 Matrix formulation 


The “least squares” method broadly consists of using the variance-covariance matrix of the errors 
on the component data to distribute the discrepancy amongst them. Theoretically, the least 
accurate estimates are assigned the larger shares of the discrepancy. 


The method can be formulated as follows: 
Let 


x, bethenx 1 vector of original data to be balanced within an accounting framework, 
A be the mx n matrix of accounting constraints; and 
V, be the n x n variance-covariance matrix of x,. 


The balanced vector, x,*, thus satisfies: 

Ax* = 0 (1) 
and minimises the quantity: 

Cx,* - x) VI Cx* - x). 
It can be shown (see, for instance, Sefton, Solomou and Weale (1993)) that the solution 1s: 

x* =x - VACAV, AYA, (2) 
and the variance-covariance matrix of x,* is given by: 

Vt = (1-V,A'(CAV,ATYA) Vy. (3) 
The dimension of the matrix to be inverted, A V, A', is equal to the number of constraints, m. 


It is clear from (2) that it is the relative, not the absolute, sizes of the elements in V that affect the 
solution. The result is unchanged if V is multiplied by any scalar. 


Given that the term V, A'( A V, A')’ A V, in equation (3) is positive semi-definite, the balancing 
. process can be seen to reduce the overall data variance. If the errors have a zero mean and a 
normal distribution then the estimator, x,* is both the best linear unbiased estimator and the 


maximum likelihood estimator. 


2.3 Basic properties 


2.3.1 Relative size of adjustments 


The least squares methodology ensures that adjustments to the original data are made 
proportionally to the variance, and hence to the square of the standard error, This implies that 
larger data items, such as wages, salaries and supplements and private final consumption 
expenditure are revised proportionally more than smaller items, even when attributed the same 
level of accuracy {relative standard error). Because of their larger magnitudes, these items are 
considered more inaccurate in terms of millions of dollars. 


In fact, at equal leveis of accuracy (as quantified by relative standard errors) and under equivalent 
accounting constraints, if one element is & times larger than the others in the unbalanced accounts, 
its level of adjustment will be 4’ times larger than the rest and its proportional adjustment will be & 
times larger. If this element is & tumes larger than the rest and m times more inaccurate than 
others, the level of adjustment will be °° the level of others while the proportional adjustment 
will be Ar’ that of the others. If this element is no larger than others but its relative standard error 
is 7 times greater, both its level of adjustment and its proportional adjustment will be m’ greater. 


It is important to note that the adjustments also depend upon the accounting constraints (as 
embodied in the matrix, A) on the elements. This explains why data items of the same magnitude 
and comparable levels of accuracy may be revised differently, 


2.3.2 Aggregation and disaggregation 


The level of aggregation or disaggregation does not affect the results of the balancing process. 
The same results will be obtained whether aggregation of elements occurs before or after 
balancing. . 


Let x be the data to be balanced, and A the constraints matrix such that A.x* =0. Let y = C.x be 
any linear transform (in particular, aggregation to less detail). If the balancing constraints on y 
can be written as B.y* = 0 , where BC = A, then it can be shown that y* = C.x*. In other words, 
it makes no difference whether the aggregation is done before or after balancing. 


It is important to note that the variance of the aggregate (y above) is a function of the variances of 
the components (x above). In particular, suppose an aggregate is k times larger than the other 
components in the accounts, The results from the previous section imply that the proportional 
adjustment to this aggregate will be about k times greater than the proportional adjustments to 
other components subjected to similar constraints. Suppose the aggregate is then replaced by k 
smaller components which, when summed, equal the value of the aggregate. In the simplest case, 
the k components would have equal magnitude, equal accuracy and be uncorrelated. In this 
example, the variance associated with each component is equal to one k™ of the variance of the 
aggregate. Thus, each of the k components is adjusted by one k" of the adjustment that would 
- have applied to the aggregate, and the proportional adjustment to each component is identical to 
the proportional adjustment applying to the aggregate. The adjustments to alt other components 
are unchanged, 


In summary, disaggregating the data in the accounts is useful only if it permits the inclusion of 
additional information - in particular, extra constraints or relationships between the component 
data that cannot be obtained from the aggregate data. 
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3. The accounting structure and the original data 


In this section, the scope of this exercise to balance the national accounts will be defined. It is 
necessary to specify both the level of disaggregation of the data to be analysed and a set of 
appropriate accounting constraints. Both the data set and the corresponding accounting 
framework will be only subsets of the total ANA production system, but it is hoped that the 
amount of detail provided will be sufficient to illustrate the potential of the technique. In 
particular, the data set included here corresponds closely to the maximum level of disaggregation 
deemed suitable for publication. 


3.1 The accounting structure 


Table 1 (opposite) shows a matrix representation of the accounting constraints and identities 
involving the current price estimates in the ANA. Each row and its corresponding column 
together represent the monetary transactions within an institutional sector. The first row and 
column of the matrix represent the domestic production account. The next six rows and columns 
represent the income and outlay accounts for all institutional sectors, and the following six rows 
and columns represent the capital transactions accounts. The second last row and column 
represent the overseas transactions account. The remaining row and column summarise a 
number of miscellaneous identities which close the system: i#ferest paid is equated to interest 
received, dividends paid is equated to dividends received, and the sectoral contributions to 
purchases of land and intangible assets, net lending and capital revenue are constrained to sum 
to zero. Table 1 does not include the financial accounts. It was decided not to include them in 
this study because the data only commence in 1989-90, However, they should perhaps be 
included at some later stage as they permit the independent determination of the net lending of 
each sector. 


The appendix to this section, Table 2, provides a detailed exposition of the 19 accounting 
_ constraints applied to the current price estimates, assigning names to the data items/transactions 
summarised in Table 1, and also recording the accuracy gradings for each data item (see Section 
5). Because of the strict double entry accounting system employed, it is only necessary to specify 
(8 of the 19 constraints, as the remaining constraint is redundant. Arbitrarily, the capital revenue 
constraint was omitted. 


The columns of the matrix represent uses (or outgoings) by the various institutional sectors, while 
the rows represent their resources (or incomings). For example, the item exports of goods and 
services (26) is located in the row corresponding to Australia and the column pertaining to the 
Rest of the World, since it represents a use by the Rest of the World and a resource of Australia. 


By accounting definition, the uses of a particular sector must equal the resources of that sector. 
For some sectors, a balancing item is needed. In the first row and column of the table - the 
domestic production account - this balancing item is equal to the statistical discrepancy between 
GDP(I} and GDP(E). In the capital transactions accounts, these balancing items are included in 
the net lending entries. These discrepancies are required to make the sum of the elements in each 
row equal the sum of the elements in each corresponding column. Balancing the accounts 
consists of redistributing the discrepancy items in the matrix according to the accounting 
constraints and the accuracy of each of the entries in the matrix so that the sum of each row 
equals the sum of the corresponding column in the absence of the discrepancy items. 


Constant price estimates have not been incorporated in this presentation of the matrix, This is 
because the common feature between GDP() and GDP(E), namely, the disaggregation of data by 
institutional sectors, is not applicable to gdp(P), which is disaggregated by industry. The only 
constraint used to link gdp(P) and gdp{E) is that they have to be equal in aggregate in constant 
prices. Additional constraints involving the constant price estimates are described in Section 4. 


3.2 The data 


The unbalanced national accounts data used in this analysis were obtained from the publication 
Australian National Accounts: National Income, Expenditure and Product, 1992-93 (ABS 
Catalogue No. 5204.0), supplemented by some data from Australian National Accounts: Capital 
Stock, 1992-93 (ABS Catalogue No. 5221.0). The decision was made to use the annual rather 
than quarterly estimates because more detail is available in this form. Ten years of data, for the 
years 1983-84 to 1992-93, measured at both current and constant prices, were extracted. 


Two notes of explanation are required: 


° The ABS does not publish constant price estimates of gross capital formation by 
institutional sector. The closest equivalent data is published in the Capital Stock 
publication, but it is necessary to adjust these estimates for real estate transfer expenses 
(which are included in the ANA current price estimates but not the capital stock measures). 
The estimates employed in this study have been derived by making an arbitrary fixed 
proportion assumption to add a real estate transfer expenses component to the data from 
the Capital Stock publication and adjusting for the increase in stocks. They should certainly 
not be viewed as official estimates. 


bg The data published in ABS Catalogue No. 5204.0 for the net fending of institutional sectors 
are in fact the balancing items for the capital transactions accounts since they are derived 
as residuals. Data from Australian National Accounts: Financial Accounts (ABS Catalogue 
No. $232.0) could have been used as the starting point for nef fending for the years 
1989-90 through 1992-93, However, these accounts do not distinguish between private 
and public enterprises, and as a consequence it would have proved impossible to continue 
the sectoral disaggregation of private and public / trading and financial enterprises from 
1989-90 onwards. For this study, it was considered preferable to retain a consistent 
treatment of sectors throughout. 


Table 2: Accounting structure, data items and accuracy gradings 


DOMESTIC PRODUCTION ACCOUNT 


Incomes 


Wages, salaries & supplements (2) 

Net operating surplus - 
Dwellings owned by persons (1) 
Unincorporated enterprises (9) 
Private trading enterprises (6} 
Pubtic trading enterprises (1) 
Private financial enterprises (5) 
Public financial enterprises (5) 

Consumption of fixed capital - 
Households (0) 
Private trading enterprises (0) 
Public trading enterprises (0) 
Private financial enterprises (0} 
Public financial enterprises (0) 
General government (0) 

fess Imputed bank service charge - 
Private financiat enterprises (5) 
Public financial enterprises (5) 

Indirect taxes less subsidies (0) 


Gross Domestic Product 


6a 
6b 


21a 
2ib 
2ic 
21d 
216 
2if 
26 

27 


Expenditures 


Final consumption expenditure - 
Households (2) 
General government (1) 
Gross capital formation - 
Households (5) 
Private tracing enterprises (5} 
Public trading enterprises (1) 
Private financial enterprises (5) 
Public financial enterprises (2) 
General government {1} 
Exports of goods and services (2) 
fess Imports of gocds and services {?) 


Gross Domestic Product 


INCOME & OUTLAY ACCOUNT - HOUSEHOLDS 


Disbursements 


Final consumption expenditure (2) 
Interest etc. paid - 
Consumer debt interest (10) 
Dwellings owned by persons (4) 
Unincorporated enterprises (10) 
Direct taxes - 
Income tax paid by households (0} 
Other direct taxes paid by households (0) 
Unrequited transfers io overseas (15} 
Saving (20) 


Total Disbursements 


Receipts 


Wages, salaries & supplements (2) 

fess Labour income to overseas (10) 

Labour income from overseas (10) 

Net operating surptus - 
Dwellings owned by persons (1) 
Unincorporated enterprises (9} 

Third party insurance transfers to persons from - 
Private trading enterprises (10) 

Current grants to non-profit institutions from - 
Public trading enterprises {2) 
General government (0) 

Interest on life & superann. funds (imputed) - 
Private financial enterprises (8) 
Publi¢ financial enterprises (8} 

Personal benefit payments to resicents trom - 
General government (0) 

Unrequited transfers from overseas (15) 

Interest etc. received (10) 

Dividends received (15} 


Total Receipts 


7f 

be 

13c 
15c 
16a 
17a 
3c 


7g 

Sf 

14b 
15d 
16b 
17b 
33¢ 


INCOME & OUTLAY ACCOUNT - PRIVATE TRADING ENTERPRISES 


Disbursements 


Interest etc. paid (10) 2c 
income tax payable (2) 29b 
Third party insurance transfers to persons (10) 30b 


Dividends paid (10) 
Undistributed income (15) 


Fotal Disbursements 


Receipts 


Net operating surplus (6} 
Interest etc. received {10} 
Dividends received (10) 


Total Receipts 


INCOME & OUTLAY ACCOUNT - PUBLIC TRADING ENTERPRISES 


Disbursements 


Interest etc. paid (2} 2d 

Income tax payable (1) 29¢ 
Current grants to non-profit institutions {2) 306 
Dividends paid (2} 32a 


Income transterred to general government {1) 
Undistributed income (5) 


Total Disbursements 


Receipts 


Net operating surplus (4) 

Interest etc. received (2) 

Dividends received (2) 

Extraordinary insurance claims from overseas (0) 


Total Receipts 


INCOME & OUTLAY ACCOUNT - PRIVATE FINANCIAL ENTERPRISES 


Disbursements 


Interest etc. paid (4) ze 
Income tax payable (2) da 
Dividends paid (6) 28d 
Undistributed income (10) 30d 
Income tax on life & superannuation funds (2) 32b 


Interest on life & superann. funds (imputed) (8) 
Extraordinary insurance claims paid (0) 


Total Disbursements 


Receipts 


Net operating surplus (5) 

fess Imputed bank service charge (5) 

Interest etc. received (4) 

Dividends received (6) 

Extraordinary insurance claims from overseas (0} 


Total Receipts 


INCOME & OUTLAY ACCOUNT - PUBLIC FINANCIAL ENTERPRISES 


Disbursements 
Interest etc. paid {4) ef 
Income tax payable (2) 4b 
Income transferred to general government (1) 29e 
Undistributed income (10) 30e 
Income tax on fife & superannuation funds (2) 32c 


Interest on dife & superann. funds (imputed) (8} 
Extracrdinary insurance claims paid {0} 


Total Disbursements 


Receipts 


Net operating surplus (5) 

fess Imputed bank service charge (5} 

Interest etc. received (4} 

Dividends received (6) 

Extraordinary insurance claims from overseas (0) 


Total Receipts 


21a 
23a 


21b 
22a 
23b 


INCOME & OUTLAY ACCOUNT - GENERAL GOVERNMENT 


Disbursements 


Finai consumption expenditure (1) 

Interest etc. paid (1) 

Unrequited transfers to overseas (1) 
Current grants to non-profit institutions {0) 
Personal benefit payments to residents (0) 
Surplus on current transactions (2) 


Total Disbursements 


Receipts 


Indirect taxes less subsidies (0) 
Direct taxes - 
Income tax paid by households (0) 
Other direct taxes paid by households (0} 
Income tax payable - 
Private trading enterprises (2) 
Public trading enterprises (1) 
Private financial enterprises (2) 
Public financial enterprises (2) 
Income taxes from overseas (1) 
Income transferred to general govemment from - 
Pubii¢ trading enterprises (1} 
Public financial enterprises (1) 
income tax on life & superannuation funds - 
Private financial enterprises (2) 
Public financial enterprises (2) 
less Increase in income tax provisions - 
Private trading enterprises (2) 
Public trading enterprises (1) 
Private financial enterprises (2) 
Public financial enterprises (2) 
Interest etc. received (1) 
Dividends received (1) 


Total Receipts 


CAPITAL ACCOUNT - HOUSEHOLDS 


Payments 


Gross capital formation (5) 
Net lending (25) 


Gross Accumulation 


Receipts 


Consumption of fixed capital (0) 

Saving (20) 

Capital grants from general government (1) 
Capital revenue (10) 

Extraordinary insurance claims (0) 


Finance of Gross Accumulation 


CAPITAL ACCOUNT - PRIVATE TRADING ENTERPRISES 


Payments 


Gross capital fermation (5) 
Purchases of land and intangible assets (10) 
Net lending (20) 


Gross Accumulation 


Receipts 


Consumption of fixed capital (0} 
Undistributed income (45) 

Increase in income tax provisions (2) 
Capital grants from general government (1) 
Capital revenue (10) 

Extraordinary insurance claims (0) 


Finance of Gross Accumulation 


21c 
22b 
2a 


21d 
2dd 


21e 
22c 
ese 


2tf 
22d 
2af 


CAPITAL ACCOUNT - PUBLIC TRADING ENTERPRISES 


Payments 

Gross capital formation (1) 3c 

Purchases of land and intangible assets (2) 15b 

Net lending (20) 20b 
24 

Gross Accumulation 25 
31c 


Receipts 


Consumption of fixed capital (0) 
Undistributed income (5) 

Increase in income tax provisions {1} 

fess Capital grants to general government (1) 
Capital grants from general government (1) 
Capital revenue (1) 


Finance of Gross Accumulation 


CAPITAL ACCOUNT - PRIVATE FINANCIAL ENTERPRISES 


Payments 
Gross capital formation (5) 3d 
Net lending (15) 15c 


20¢ 
Gross Accumulation 


Receipts 


Consumption of fixed capital (0) 
Undistributed income (10) 
Increase in income tax provisions (2) 


Finance of Gross Accumulation 


CAPITAL ACCOUNT - PUBLIC FINANCIAL ENTERPRISES 


Payments 

Gross capital formation (2) 3e 
Purchases of land and intangible assets (3) 15d 
Net tending (15) 20d 


25d 
Gross Accumulation 


Receipts 


Consumption of fixed capital (0) 
Undistributed income (10) 

Increase in income tax provisions (2) 
Capital grants from general government (1) 


Finance of Gross Accumulation 


CAPITAL ACCOUNT - GENERAL GOVERNMENT 


Payments 

Gross capital formation (1) 3f 

Purchases of land and intangible assets (1) 19 

Net lending (20) 24 

Gross Accumulation 25a 
25b 
25¢ 
25d 
3id 


Receipts 


Consumption of fixed capital (0} 
Surplus on current transactions (2) 
Capital grants from public tracing enterprises (1) 
fess Capital grants from general government to - 
Househalds (1) 
Private trading enterprises (1) 
Public trading enterprises (1) 
Public financial enterprises (1} 
Capital revenue (1) 


Finance of Gross Accumulation 


ada 
30b 
30¢ 
30d 
30e 
30f 
30g 


OVERSEAS TRANSACTIONS ACCOUNT 


Payments 


Labour income from overseas (10) 

interest atc. from overseas (2) 

Income taxes from overseas (1) 

Dividends from overseas (2) 

Net lending from Overseas (20) 

Exports of goeds and services (2) 

Unrequited transfers from overseas to - 
Households (15) 


Current Receipts from Overseas 


Receipts 


interest etc. received - 
Househelds (10) 
Private trading enterprises (10) 
Public trading enterprises (2) 
Private financial enterprises (4) 
Public financial enterprises (4) 
General government (1) 
Fo overseas (2) 


Total Receipts 


Receipts 


Dividends received - 
Households (15) 
Private trading enterprises (10) 
Public trading enterprises (2) 
Private financial enterprises (6) 
Public financial enterprises (6) 
General government (1) 
To overseas (2} 


Total Payments 


Receipts 
1b Labour income to overseas (10) 

Unrequited transfers to overseas from - 
9a Households (15) 
9b General government (1) 
27 Imports of goods and services (2) 
29q Interest etc. to overseas (2) 
30g Dividends to overseas (2) 

Use of Current Receipts 

INTEREST 

Payments 

interest etc paid - 
7a Consumer debt interest (10) 
7b Dwellings owned by persans (4) 
7c Unincorporated enterprises (10} 
7d Private trading enterprises (10) 
7e Public trading enterprises (2) 
7f Private financial enterprises (4} 
7g Public financial enterprises (4) 
7h General government (1) 
7i From overseas (2} 

Totai Payments 

DIVIDENDS 

Payments 

Dividends paid - 
13a Private trading enterprises (10) 
13b Public trading enterprises (2) 
13¢ Private financial enterprises (6) 

From overseas {2) 


13d 


Total Receipts 


OTHER CONSTRAINTS 


Purchases of land and intangible assets 


22a Private trading enterprises (10) 
22b Public trading enterprises (2) 
22 Public financial enterprises (3) 
22d General government (1) 

Sum to zero 

Net lending - 
30a Households (25) 
30b Private trading enterprises (20) 
30c Public trading enterprises (20) 
30d Private financial enterprises (15) 
30¢ Public financial enterprises (45) 
30t General government (20) 
30g From overseas {20} 


Sum to zero 


Capital revenue - 


Sila Households (10} 

31b Private trading enterprises (10) 
3ic Public trading enterprises (1) 
aid General government (1) 


Sum to zero 


CONSTANT PRICES 
GDP (EXPENDITURE BASED) - GDP (PRODUCTION BASED) - 
Final consumption expenditure - k34 Agriculture (3) 
k6a Households {2} k35 — Mining (5) 
k6b General government (1) k36 =» Manufacturing (2} 
Gross capita! formation - k37 Electricity (5) 
k21a Households (5) k38 Construction (4) 
k21b Private tracing enterprises (5) k39 = Wholesale and retail trace (3) 
k21c Public trading enterprises (1) k40 ~—s Transport an¢ storage (5) 
k24¢d Private financial enterprises (5) k41 Communication (4) 
k21e Publie financial enterprises (2) k42 Finance (5) 
k2 if General government (1} k43 Public administration and defence (3} 
k26 Exports of goods and services (2) k44. Community services (5} 
k27 —_ fess Imports of goods and services (2) k45 Recreation (6) 
k46 = Ownership of dwellings (1) 
Gross Domestic Product (E) k47 —s Import duties (1) 


k48 fess Imputed bank service charge (7) 


Gross Domestic Product (P) 


4. Current prices, constant prices and price defiators 


Most of the published applications of the least squares balancing method to national accounts data 
have concentrated on current price values. The method has been expanded here to also 
investigate the implications for constant price data. 


The expenditure components of Gross Domestic Product are valued at both current and constant 
prices. A production-based estimate of GDP valued at current prices, or an income-based 
estimate of GDP valued at constant prices must be derived by applying the expenditure-based 
implicit price deflator. There are only two fully independent measures of GDP valued at current 
and constant prices. 


The following constraints must be applied to ensure consistency between the various current and 
constant price estimates and related price deflators (the convention is used throughout that upper 
case letters refer to current prices and lower case letters to constant prices): 


1} GDP(I) =  FCE + GCF + EXP - IMP 
2) gdp(p) = fce + gef + exp - imp 
3) FCE = pp. * fee Final Consumption Expenditure 
4) GCF = Pur * gef Gross Capital Formation 
5) EXP = Pap * exp Exports of Goods and Services 
6) IMP = Pin * imp Imports of Goods and Services 
If the above constraints are satisfied, the following constraints will also hold: 

GDP(E) = GDP(1) 

gdp(e) = gdp(p) 
GDP(E) = Pyap * gdple). 


If the price deflators in the above system are considered to be subject to error in the same way as 
the current and constant price estimates, then these constraints are clearly non-linear. The strictly 
linear least squares methodology is clearly incapable of dealing with this situation. 


Several techniques which adapt these constraints to the linear framework have been proposed. 
The one investigated by the UK Central Statistical Office was developed by Weale (1985) and 
consists of using logarithms to make the problem linear. The relationships between the data items 
and their logarithms are defined by approximate covariance entries in the variance-covariance 
matrix. A second method, also suggested by the CSO, is to make the relationship linear by using 
growth rates. This also gives an approximation: Both methods have important drawbacks. The 
first makes the problem much more complicated and the results are not easy to interpret. It also 
prevents the inclusion of potentially negative components (such as increase in stocks) in the 
analysis. The second method implies the extension of the problem to another period and also 
complicates both the problem and the interpretation. 


The method used here is much simpler and is based upon the assumption, suggested by national 
accountants, that in the compilation of the Australian national accounts the most reliable elements 
are the deflators. Their initial estimates of the price deflators are “hardwired” into the matrix of 
constraints, A, automatically simplifying the problem by linearising the constraints. 
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Constraint 1) above is the domestic production account constraint, already defined in section 3. 
The second constraint ts implemented by equating the sum of the components of gdp(P) to the 
sum of the components of gdp(E). Constraints 3) to 6) translate into ten individual constraints 
once the final consumption expenditure and gross capital formation constraints are decomposed 
into the relevant institutional sectors. In total then, eleven constant price constraints are added to 
the eighteen current price constraints introduced earlier. The thirtieth, and final constraint in the 
present system arises from fixing the implicit price deflator for the imputed bank service charge. 
The IBSC is the only remaining data item which is measured in both current and constant prices. 


The balancing exercise results in a single current price series and a single constant price series for 
GDP. In the base year (1989-90), by definition, the adjustments to the current price components 
of GDP(E) must be identical to the adjustments to the constant price components - that is, each 
current price component must equal its corresponding constant price component before and after 
balancing. In the base year, then, there is a single estimate of Gross Domestic Product. 
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9. Relative accuracy gradings 


The variance-covariance matrix V, introduced in Section 2.2, was constructed by seeking the 
advice of the National Accounts Branch in identifying 95% confidence intervals for all estimates. 
These intervals are summarised by the numbers in parentheses in Table 2 - for example, the 95% 
confidence interval for Wages, salaries and supplements is recorded as +2%. Relative standard 
errors may thus be obtained by dividing by 1.96. The variances are then obtained by multiplying 
the relative standard errors by the values of the initial estimates and squaring. No attempt has 
been made at this stage to estimate covariances for the errors, and V is therefore a diagonal 
matrix. 


The UK CSO found no significant evidence of correlated errors in their experience. This is not to 
say that the same is true of the Australian accounts, but it suggests that use of the diagonal V 
matrix may still provide a potentially highly informative reference for future development work. 
More work is certainly required to verify whether the covariances are indeed negligible - 
especially between data items which share common collection sources. 


Neither volatility indicators nor revisions to the data can provide good alternative indicators of the 
statistical errors on the national accounts components. This is because the former include 'true' 
movements in what ts measured and the latter simply reflect the changes in data quality over time 
as more accurate and more complete data become available. Large revisions may suggest that the 
“preliminary data" are unreliable. However, it is not valid to conclude that data which are not 
revised are free of errors, 


Since it is the re/ative reliabilities which are of interest, revisions in the data are not immediately 
relevant here. However, information on revisions can be very useful for future fine-tuning of the 
process. Ideally we should have a different error specification for each generation of data, since 
the reliability of the estimates improves as more information becomes available. Data for the most 
recent periods are frequently less accurate because they are based upon preliminary data sources 
_ and assumptions. In some cases, final data sources may not become available until many years 
after the initial estimates are formed. No fine-tuning of this nature has been attempted in this 
study. 


Note that zero values have been assigned to some variables. National Accounts Branch have 
requested that these variables remain unchanged by the balancing process. It is not implied that 
there are no errors in these variables, although in some instances it is virtually certain that no 
better estimates will be found. 


The method of specifying the accuracy of an estimate by reference to relative standard errors has 
some shortcomings when applied to nef aggregates or aggregates which fluctuate significantly in 
magnitude - for example, net lending or increase in income tax provisions, Where necessary the 
relative standard error was applied to an average level of the estimate (calculated over successive 
time periods) to derive an appropriate variance measure, 


Graph 3: GDP at current prices - Comparison of GDP(B) with other measures 
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Graph 4: Measures of GDP at current prices ($million) 
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6. Results 


The greater part of this document is devoted to the presentation of results from the balancing 
exercise. In most instances, tabulations of the data before and after balancing are provided. At all 
times it should be remembered, however, that the individual balanced estimates are not being 
presented here as superior to the original estimates. Even if it were assumed that the information 
used to construct the model is both complete and accurate, then at most it may be deduced that 
the complete vector of balanced data is "closer to the true data vector than the vector of original 
estimates, Even the direction of adjustments to the data should be treated with caution, since 
historical experience would suggest that often when new or improved data sources are 
incorporated into the accounts, the direction of adjustment tends to be upwards. The implication 
of this is that estimation of the “true” data vector could conceivably require all data to be revised 
in the same direction - which is impossible under this methodology. The inclusion of appropriate 
biases into the modelling framework to achieve this objective would almost certainly require 
information which is impossible to obtain. 


Nevertheless, the magnitude and direction of adjustment to key data items and aggregates can 
contain useful diagnostic information. The information - especially when it confirms or 
contradicts intuition which was not incorporated in the model - can assist in detecting 
short-comings with existing data sources or methodologies, or can suggest important 
inconsistencies which may merit further investigation. 


The impact upon the measurement of Gross Domestic Product in current and constant prices is 
examined first, The obvious notation, GDP(B) and gdp(B), will be used to refer to the respective 
balanced estimates in the following discussion. 


Graph 3 illustrates GDP(B) relative to GDP(E) and GDP(I), It may be observed that GDP(1), 
measured in million dollars, is adjusted downwards in all periods by approximately 0.5 per cent. 
The uniformity of this adjustment is rather remarkable as no inter-temporal constraints have been 
employed, and the statistical discrepancy is certainly not stable over the ten year period. By 
contrast, GDP(E) is adjusted downwards by as much as one per cent between 1983-84 and 
1987-88, adjusted upwards by as much as 1.1 per cent between 1988-89 and 1990-91, and then 
adjusted downwards again in 1991-92 and 1992-93. Thus, GDP(B) lies below both GDP(I) and 
GDP(E), except for the three years 1988-89 through 1990-91 when GDP(B) lies above GDP(E) 
and below GDP(I). It is in these years that the statistical discrepancy is also most prominent. 


Graph 4 indicates that there is little to distinguish between the three current price measures when 
they are plotted in levels, and Graph 5 shows up only small differences in percentage changes 
from one year to the next. However, it may be noted that the percentage changes in GDP(B) 
correspond very closely to the changes in GDP(I), and that the largest discrepancies between 
these two measures and GDP(E) occur in 1988-89 (1.5 percentage points) and 1991-92 (1.0 
percentage point). It is not necessarily the case that the percentage changes in GDP(B) lie 
between the percentage changes in GDP(I) and GDP(E) - as, for example, in 1988-89, 


Graph 6 illustrates gdp(B) relative to the constant price measures of GDP, gdp(P) and gdp(E). 
The relationship between gdp(B) and gdp(E) is very similar to the relationship between the 
current price measures. gdp(P) is adjusted upwards by between 1.0 and 1.5 per cent for the years 
1983-84 through 1987-88, 1991-92 and 1992-93. For the years 1988-89 through 1990-91, 
edp(P) and gdp(B) are quite similar, and both are about one per cent higher than gdp(E). In the 
other seven years, gdp(B) is generally much closer to gdp(E) than gdp(P). 
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Graph 6: GDP at constant prices - Comparison of gdp(B) with other measures 
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Graph 7 which plots the levels of the constant price estimates - including gdp(I) - shows that 
gdp(B) tracks gdp(E) and gdp(I) quite well during these seven years, and tracks gdp(P) and 
gdp(1) quite well between 1988-89 and 1990-91. Graph 8 shows that the percentage changes in 
gdp(B) are once again very close to the income-based measure throughout the whole period. 


Significant differences between the movements in gdp(B), gdp(E) and gdp(P) are observed in the 
years 1988-89 and 1991-92, consistent with the switching behaviour in gdp(B) just noted. 


Graphs 9 and 10 suggest that the officially published average measure of constant price GDP, 
gdp(A), is quite consistent with gdp(B), with the only observable differences in growth occurring 
in 1988-89 and 1990-91. 


In Table 3 (in the Appendix), the detailed original and balanced data have been aggregated and 
combined to produce the four consolidated accounts of the nation - the domestic production 
account, the national income and outlay account, the national capital account and the overseas 
transactions account - at current prices. The summary tables for expenditure on gross domestic 
product at average 1989-90 prices and gross product at average 1989-90 prices, by industry are 
also included. These six views of the national accounts contain the most frequently examined and 
analysed data, and are included for that reason. 


Graphs 11 to 14 summarise the balancing adjustments, in millions of dollars, to the key aggregates 
from Table 3, These aggregates are also among the larger data items in the accounts, and thus 
attract almost the entire burden of adjustment. 


Downward adjustments to private final consumption expenditure (of about $1.0 to 1.2m.) make 
up the largest part of the total downward adjustment to GDP(E). Gross capital formation, 
despite its generally low accuracy ratings, only contributes significantly to the adjustment process 
during the years 1988-89 through 1990-91, when GDP(E) is revised up rather than down. 


The overall adjustment to domestic factor incomes is shared quite evenly between wages, salaries 
and supplements (the larger component) and net operating surplus (the less accurate component). 


_ All adjustments are downwards. 


The highly unreliable estimates of net lending and (esp. household) saving undergo very little 
adjustment except for the years 1988-89 through 1990-91, when they are required to explain the 
unusually large statistical discrepancies that appear in the capital accounts in those years. 


Exports and imports of goods and services are always adjusted in opposite directions, with rather 
disconcerting implications for the trade balance, The largest adjustments to both aggregates 
occur in the years 1988-89 through 1990-91. In each of these years the trade balance is adjusted 
in Australia's favour by between $0.8 billion and $1.8 billion, which appears a little too fortuitous. 


Tables 4 to 7 (in the Appendix) contain the complete details of the disaggregated analysis. Table 
4 contains the original data and Table 5 the balanced data. The data items in these tables may be 
easily cross-referenced to the accounting structure detailed in Table 2. 


Table 6 details the adjustments, in million dollars, which are applied to the original data to arrive 


at the balanced data. In Table 7, the adjustments in Table 6 are expressed as a percentage of the 


original data in Table 4. 
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Graph 9: Average GDP and balanced GDP at constant prices ($millicn) 
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it may be observed from the tables of balancing adjustments that the magnitudes of the 
adjustments are determined by more than simply the magnitudes of the data items and their 
accuracy ratings. The adjustments to the data items are also determined significantly by the 
accounting constraints which apply to them. 


Many moderately large data items undergo very little adjustment despite being assigned very poor 
accuracy ratings. However, even the largest revisions in Table 6 may be observed in Table 7 to 
represent quite small proportional adjustments to their respective data items, reflecting perhaps 
some conservatism in the specification of the accuracy ratings. Given the approach used to 
specify the accuracy gradings, it would be of some concer if more than 1 in 20 of the 
proportional adjustments lay outside the specified confidence intervals, whereas very few 
adjustments are actually observed to do so. Among the largest proportional adjustments are those 
to net aggregates, and other aggregates which fluctuate greatly or occasionally take values close 
to zero. 


The adjustments to the constant price gross product by industry estimates require special mention. 
These estimates are all affected (only) by the one single constraint which equates the sum of the 
components of gdp{E) to the sum of the components of gdp(P). Thus, the disaggregation of 
edp(P) has added no information to the overall balancing process, since the same outcome would 
have been achieved by using gdp(P) with variance equal to the sum of the variances of the 
components (see Section 2.3.2). As a consequence, the adjustments to the components are 
uniform in direction within each year, with the relative magnitudes of the adjustments determined 
according to the properties discussed in Section 2.3.1. 
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7. Conclusion 


This paper has presented the results of an experimental exercise in balancing the annual Australian 
national accounts. It has not been the intention of this study to detect and analyse cases of 
systematic under- or over-estimation in individual aggregates, even though some of the results 
suggest that this has occurred. However, the authors hope that this work may assist or 
complement the ongoing task of ensuring data quality within the national accounts. By making 
publicly available the methodology and output from this study, the authors have also sought to 
assist public scrutiny of the accounts and to provide regular users of the national accounts with 
useful information on an approach that might provide insight to the interpretation and implications 
of the statistical discrepancies. 


The assumptions employed in the present study are admittedly rather primitive, and a large array 
of possible future enhancements are possible. Some suggestions follow: 


° Refine the accuracy indicators used in the analysis. This may entail closer scrutiny of the 
original process of determining accuracy, possibly incorporating the information obtained 
from the balancing process itself. Time-varying accuracy indicators which better reflect the 
availability and quality of data sources used in the construction of each data item at each 
point in time are another possibility. 


° It is undeniable that many data items come from similar or related sources, and therefore 
probably share common sources of error or inaccuracy, The inclusion of covariance terms 
in the variance-covariance matrix of the errors could have an impact on the magnitude and 
direction of adjustments to key aggregates. (For example, an apparent anomaly exists in the 
results where final consumption expenditure - households is adjusted in the opposite 
direction to gross product - wholesale and retail trade, despite both estimates being heavily 
reliant upon the same censuses and surveys. } 


® Incorporate the financial accounts inte the accounting structure. This has the advantage of 
allowing net fending to be independently determined. As stated carlier, however, the data 
are only available since 1989-90, and there would be important implications for the sectoral 
disaggregation of the data. 

° Incorporate the time dimension by estimating several (or all) years together. This will 
present some practical problems given the size of the matrices to be manipulated. A 
significant advantage of this approach is the ability to specify that adjustments to a data item 
in consecutive time periods are highly correlated. 


* Construct balanced quarterly accounts. The direct application of this technique to quarterly 
data is likely to be hindered by several considerations - notably the lack of detailed quarterly 
data at the required sectoral disaggregation, seasonality in the data (how does this affect the 
accuracy indicators?) and the size of the matrices if the time dimension is to be 
incorporated. A much simpler approach might be to investigate methods of interpolating 
the balanced annual data. 


While it is likely that the ABS will investigate some of these options in the future, there are no 
‘plans to produce official estimates of the national accounts based on this methodology. As 
indicated in the introduction, the ABS is currently investigating an alternative method of 
compiling "balanced" national accounts based upon a comprehensive input-output framework. 
The methodology for implementing this approach, however, still requires significant development, 
and it is recognised that the least squares balancing techniques examined here may yet make a 
contribution to the compilation of the national accounts. 


24 


Appendix 
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Consolidated accounts - original and balanced data ($million) 
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Consolidated accounts - original and balanced data ($million) - cont 
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Consolidated accounts - original and balanced data ($million) - continued 
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Consolidated accounts - original and balanced data ($million) - continued 
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| and balanced data ($million) - continued 
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Graph 11: Major balancing adjustments to the Domestic Production Account ($million) 
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Graph 12: Major balancing adjustments to the Income & Outlay Account ($million) 
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Graph 14: Major balancing adjustments to the Overseas Transactions Account ($million) 
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Graph 13: Major balancing adjustments to the National Capita! Account ($million) 
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For more information ... 


The ABS publishes a wide range of statistics and other information on Australia's 
economic and social conditions. Details of what is available in various publications 
ang other products can be found in the ABS Catalogue of Publications and Products 
availabie at all ABS Offices (see below for contact details}. 


information Consultancy Service 


information tailored to speciai needs of clients can be obtained from the information 
Consultancy Service available at ABS Offices (see Information Inquiries below for 
contact details). 


National Dial-a-Statistic Line 
0055 86 400 
iStaadyeam PL. pramium ‘ata 250.2¢ 4 sees.) 


This number gives 24-hour access, 365 days a year for a range of statistics. 


Electronic Data Services 


A large range of data is available via on-line services, diskette. magnetic tape, tape 
cartridge and CD ROM. Fer more details about our electronic data services, contact 
any ABS Office (see below). 


Bookshops and Subscriptions 


There are over 400 titles of various publications available from ABS bookshops in ail 
ABS Offices (see below Bookshop Sales far contact details). The ABS also provides 
a subscription service through which nominated publications are provided by mail on 
a regular basis at no additional cost (telephone Publications Subscription Service toll 
free on 008 02 0608 Australia wide). 


Sales and Inquiries 


Regional Offices Information Inquiries Bookshop Sales 
SYDNEY (02) 268 4611 268 4620 
MELBOURNE (03) 615 7000 615 7829 
BRISBANE (07) 222 6351 222 6350 
PERTH (09) 360 5140 360 5307 
ADELAIDE (08} 237 7100 237 7582 
HOBART (002) 20 5800 20 5800 
CANBERRA (06) 207 0326 207 0326 
DARWIN {089} 43 2111 43 2111 
National Office 
ACT (06) 252 6007 008 020 608 
ABS Email Addresses 

Keylink STAT.INFO/ABS 

X.400 (C:AU, A:STELMEMO,O:ABS.SN:INFO,FN:STAT} 

internet STAT.INFO@ABS, TELEMEMO.AU 

rd 


Information Services, ABS, PO Box 10, Belconnen ACT 2616 
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